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t57-l ABSTRACT 

An explosive device comprising: 
(1) a metal liner composed of a metal selected from 

the group consisting of aluminum. m8gncsium, 
copper, 8nd bras, the liner enclosing 8 chamber; 

(2) a liqmi contain in the chamtm; 
(3) a layer of pyrotechnic material surouading the 

outside of the liner, the pyrctechnic material corn- 
posed of a mixture of powdera of 
(a) nickel; 
(b) metal oxide; and 
(c) an aluminum containing component which may 

be (i) 8Iuminum or (ii) a mixture of from 50 to 
less than 100 weight perccnr. of aluminum and 
from more than zero to 50 Mcight percent of 8 
metal which can be nugmsi~un, zirconium, his- 
mu& beryllium. boron, tcntelum, copper, silver, 
G&Gum, or mixturo thereof; and 

(4) mearu for igniting the pyrotechnic material. Tbi, 
device is uscfu! 8s 8n explosive, particularly as an 
undenvater explosive. 
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SO weight percent of a metal -,l!ccted from tlke 
MOLTEi4 METALWQU! D EXFLGSIVE METHOD group consisting of magnesium, zirconium, his- 

muth. b:ryi;ium, boron. tantalum, copper, silver, 
-l-his is a d:,vision of apple atior. Ser. No. 028,478 filed niobium, and mixtures thereof; and 

on Apr. 9, 1979, now U.S. Pat. Ho. 4,280,409. 5 (4) means for igriiting the pyrotechnic material. 

BACKGROUND C F -DIE INVEN-PION 
In one variation of this device, the chamber is left 

CUJ@Y and rnar~s are prob+idcd for allowing a liquid to 
Thir invention rclata to cxlJosive devices and more enter the c!lamber when the device is placed into that 

particularlv to steam or vapoor explosive devices. liquid. In a. seconll c!-~!xrleu variation of the dcvict, 
Conven ional chemical explosives arc frequently sun- 10 the pyrotechnic material an3 ignition means are put intz 

ritive to !reat and impact. ‘vIoreover, they genem!!y a case made of a metal selh:ttC from the group consist. 
yield toxi.: fumes when thry bum as in a fire. -ISus, ing 0:’ ah4minum. magnesium, copper, and brass. -!-he 
these conventional exp!csi*:es require special handling last two variaticns of the device are limited to use in a 
ud stora de precautions. body of a liquid (e.g., water as in the ocean or r&t). 

A phe.iomena of considerable industrial importance 15 Moreover, the preferred use of the first d&gn of the 
in recent years and one t!at may have significant mili- device is as an underwater cxolosive, 
tar-y app!ication is so calied vapor rxp!&on, often re- 

‘ 

ferred to as t.hcrma! cxpigxion or steam explosion. This ERlEF DESCRlPTlON OF -!-HE DRAWINGS 
phenomena results from Ihc extremely rapid heat tmns- A more complete appreciation of the invention and 
fer from hot liquid (e.g., molten metal) when introduced 20 many of the attendant advmtaga thereof wi!! k-e 
into cold liquid (e.g., waterj. Sporsdic explosions result- readily appreciated as the same becomes better under- 
ing from this phenomena have beer rc%ponsibIe for loss 
of life lnd property in industry for a number of years 

stood by reference to the following detailed description 

and efforts have been made to understand the extreme 
when considered in connection with the accomparrying 
drawings wherein: 

violence of these interactions. It is not presently known 25 
if there explosions are a r&t Of liquid entrapment. 

FIG. 1 shows a side cross-sectional view of the prc- 

flash of superheated liquid, collapse of vapor cavities, 
ierred closed chamber molten metal-liquid cxpiosivc 
device; 

metal-water chemical reaction, hydrogen-oxygen reac- FlG. 2 shows a side cross-sectiond view of an open 
tions, or a combination of these things. However, r&l- chamber mo!:en metal-liquid explosive dcvicr, and 
tam effects of these interactions are drastic, and su!~tan- 33 FIG. 3 shows a side cross-sectional view QI a &am- 
tial amounts of energy are released during such explo- berlss molten metal-liquid explosive device. 
siocr. It would be desirable to provide moderate sized, FIG. 4 shows a side croa-sectional view of the test 
high-energy explosive devices based on vapor explo molten metal-liquid explosive devices used in cxampla 
sion!.. Such devices would have to be compact, self-n- I, 2, and 3 of the experimental saztion. 
taincsl, and have a relatively short initiation to explosion 35 
time. 

SUMMARY OF THE INVENTION 

DETAILED DESCRIPTION OF -!-HE 
PREFERRED EMB(:DlMENT 

Referring now to the drawinrcs wherein like refer- 
Accordingly, one object of this invention is to pro- ence char&en designate iden&t! or corresponding 

vidc an explosive device. 40 parts through out the several fig&s, and more prefera- 
Another object of this invention is to provide an bly to FIG. 1 which shows a side cross-sectional view 

explosive device which is inscmsitivc to impact, friction, of the preferred closed chamber molten metal-liquid 
shock and elevated temperature. explosive device which is shown to include a metal liner 

Yet another object of thi:i invention is to provide a 10 which encloses a chamber 12 which contains a liquid. 
thermally stable explosive device which is less likely to 45 A layer of a special pyrotechnic material I4 surounds 
detonate in a fire than organic chemical explosives arc. the metal liner 10 and is in con-at with an igniter 16. 

Another object of this invention L to provide u Preferably, outer casing 18 is used to enclose and pro 
explosive device which will not bum or decompose to tect the igniter 16, pyrotechnic material 16, metal liner 
yield toxic vapors. 10, and liquid in chamber 12. However, as Examples 

A further object of this invention is to provide an 50 ld demonstrate, these molten metal-liquid explosives 
explosive device having a high energy to weight yield will work without this outer protective taxing. In oper- 
ratio. ation, the igniter 16 raises the temperature of pyrotcch- 

These and other objects of this invention are accom- nit material 14 to the melting point of aluminum (660’ 
p!ished by providing: C.) at which point the pyrotechnic material 14 ignitts, 
an explosive device comprising 55 causing the meta! liner 10 to melt. Molten metals from 

(I) a metal liner composed of a meti! u-lected from both the pyrotechnic mat&a.! 14 and metal liner-10 
the group consisting of aluminum, magngnolium, cOme into contact with the cooler liquid which WIU 
copper, and brars, the liner enclosing a chamber, contained in the chamber 12 causing a energetic vapor 

(2) a liquid contained in the chamber; or 3tQun explosion. 
(3) pyrotechnic material surrounding the outside of 60 -!-he pyrotechnic material must be thermally stable up 

the metal liner, the pyrotechnic material oompris- to about 600’ C. and must be insensitive to shocks On 
ing a mixture of powders of the other hand, the pyrotechnic matxia! must rapidly 
(a) nickel; ignite IO generate high kmpcratures and large qllanti- 
(b) metal oxide, and ties of heat. It has been discovered thaw a group of pyre- 
(c) an aluminum containing component selected 65 technic mixtura call “Pyronols” Mtisfy thrse require- 

from the group consisting of (i) aluminum and menta. 
(ii) a mixture of from 50 to !a than 100 weight -I-he Pyronols used in this device are mixtures of 
percent of aI:minum and from more than zero to powders of nickel, metzd oxide, and an ahnninum con- 
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taining component. Nickel preferably comtituts from 5 the liquid freeze during storage. If the liquid is water, 
to 50 and more preferably from 20 to 45 weight percent antifrtezc or alcohol can be added to help prevent 
of the pyrotcchmc powder mixture. Of the metal oxides frazir.g. Another approach is to leave room in the 
F-03, FcsOc CuO, Crc03, CJ0304, or mixture thereof chamber for the ice ro expand. 
are prefer& with Fe03 or 0~0 being more p;eferrcd. J FIti. 2 shows a side cr ass-sectional view of an open 
The metal oxir!e preferably constitutca from 20 to 76 chamber molten metal-liquid explosive device which is 
and more prcfcrable from 30 !,o 65 weight pcrccnt of the shown to include a meti liner 10 which defiacs a cham- 
pyrotechnic powder mixture. bcr 12. The chamber 12 dots not contain a liquid; in- 

The aluminum containing component may be alumi- stead an opening 20 is provided to permit a l’quid (e.g., 
num powder or a mixture of from more than 50 to less 10 water) to enter the chamber from the external environ- 
than 100 weight percent of aluminum powder and fr,om mcnt (e.g., ocean, river, lake). The opening 20 may 
more than zero to 50 weight percent of a metal powder simply be a hole or it may be a one-way valve or other 
which is magnesium, zirconium. bismuth, beryllium, state of the art device. Other than that, the metal liner 
boron, tmtalum, copper, silver, niobium, tungsten. mo- 10, pyrotechnic material 14, and igniter 16 are of the 
)ybdenum, or mixtures thereof. The aluminum contain- 15 same composition and construction as the close cham 
ing coaponcnt preferably constitutes from 15 to 50 and bered device described above. Again, it is preferable to 
more preferably from 20 to 35 weight percent of the include a protective outer case 18, In use the d&a 
pyrntechnic powder mixture. wauld be put into the liquid and the chamber 12 would 

As disclosed in U.S. Pat. No. 3,503,814, these pyro- be dlOWCd 10 fill with the liquid. -I& device would 
tcc,hnic mixtures can be ignited in various conventional 20 then be detonated by igniting the pyrotechnic mated 
ways &Id once initiation occurs, the propagation VC~CCC- 14. 
ily becomes a function of composition and density FIG. 3 shows a side cross-sccticrlal view of a simpler 
among other factors. For example, compressed powder but 1~s~ effective chamberless molten metal-liquid ex- 
configurations or pellets made from these mixture can plosive device which is shown to include a pyrotechnic 
be ignited by placing them in contact with 1~ pow- 25 matcrlal 14, an igniter 16 in contact with the pyrotcch- 
der of the same composition and then igniting the pow- nit material, and an outer casing II; enclosing the igniter 
dcr by means of small heating elements, electric 16 and pyrotechnic material 14. T.IC casing 18 is made 
matches or conventional ordcancz igniter systems. of magnesium, aluminum, copper, c)r brass. This device 

Metals or al!oys used as linen 10 must not melt below must be placed in a liquid for it to detonate. Moreover, 
the ignition temperature of the pyrotechnic mixture but k the energy of the explosion is disdpatcd faster than witi: 
must melt below the temperature generated by the ig the devices described above. TIC cffectlveness of the 
nitcd pyro!cchnic mixture. Generally, a metal or alloy explosion c&7 be increered by p..zing the device in a 
melting in the range of from 600’ C. to 1400’ C. will confined space such as a bore hole. 
work well. Obvious, wnvcntional factors, such as The general nature of the inr.ention having been se: 
strength, cost. case of fabrication, corrosion resistance, 3S forth, the fol!owing examples are presented as spccili,: 
arc also taken into consideration. Liners made of alumi- illustrations thereof. It will be understood that the in- 
num, copper, magnesium. or bras are preferred, with vention is r.ot limited to thne spccitic csamples, but h 
aluminum liners being most preferred. susceptible to various modifications that wi;l be rcco3- 

The weight of metal used for the liner should bc nized by one of ordinary skill in the art. 
minimized. The ratio of the wall thickness to total diam- 10 
eter of the liner sl;ould be from 0.05 to 0.15, and prefer- EXAMPLES 
rably from 0.05 to 0.10. The liner shape is prrfen-ably The mix No. 1 CuO used in the foliowing examples 
cylindrical because it will be: easier to machine. The had the following corr.position by weight: 
liner, however, could be in Qther shapes such aa spheri- Nickel powder: 15.5 
cd. 45 aluminum powder: 21.4 

The liquid in the chamber 12 may be water or any CuO powder: 63.1 
other liquid (e.g., organic solvents, nitric acid, etc.). The particle sizes for these powders wtre 44 to 200 
Water is the most preferred solvent bxause, it is microns for nickel, about SO microns average for CuO, 
notoxic, nonflarnrnable, arrd inexpensive. A combina- and less than 74 microns for aluminum. Powders having 
tion of water and an antifreeze (e.g., ethylene glycol) 50 submicron size @cl= ar: hazardous and WC 
may be used for low temperature environments. The avoided. 
amount of liquid used in the preferred embodiment A side cross-sectional view of the tat apparatus used 
(FIG. 1) is from 6 to 15 weight percent of the weigh! cf in examplu I. L and 3 is shown in FIG. 4. 
the pyrotechnic material used. The chamber 12 of the 
open chambered device (FIG. 2) is also designed to 5J EXAMPLE 1 
hold 6 to 15 weight percent of liquid based on the A aluminum liner 10. weighing 2.6 grams, WBS filed 
w&ight of the pyrotechnic mate*. with 11 grams of water 12 and se&d. ‘ihe iiner 10 WIU- 

In the event of a fire. the liquid must be able to escape placed inside of a well drilled in cold pressed pyrotech- 
from the moltep met&liquid explosive device. Othtr- nit mix No. I CuO ;>c!!cu 14. The ,ncllcts bad ~CCTI 
wise, an explosion may occur. This may be done by 60 formed by cold pressing 74 grams of the mix No. I Cue. 
using a rupturrtble membrane or simiiar structure. A The pcllcu 14 and liner 10 were pleczd on a retaining 
plug made out of a low melting alloy would be screwed stand 22 and rtcurtd into place with the igniter plate 16 
into the case over the membrane prior to activa:ion of and thrcadcd rods 24. A ffolcx ~h4 igniter 26 was uSed 
the molten melal-liquid explosive dcvicc. Another ag to initiate the rcacuon of the pyrotechnic pcllc~ 14. 
preach would h to store the d&+x and liquid xpa- 65 About 0.2 seconds ailcr the initialior.. an explosion Oc- 
ratcly and then till the chamber just prior to use. currti when the molten products of the pyrotechnic 

Use of cithtr the membrane or ~paratc storage tcch- p&cts 14 and molten aluminum from the liner 10 con- 
nique will also prevent the case from cracking should tacted the water 12. 
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EXAMPLE 2 

Same as cxamplc I excepC a 7.5 gram brass liner was 
wed in p!ace of the aluminum 1inr.r. As in Example I, an 
explosion occurmd about 11.2 seconds after initiation 5 
when molten prcducts of tb: pyrotechnic pellets 14 and 
molten brass from the liner 10 contacted the water 12. 

The intensity of light was higher in Example 1 where 
an aluminum liner was used than in Example 2 where a 
brass liner wss used. 10 

EXAMPLE 3 

(c) EI aluminum containing cosp0ncnt s&cted 
from the group consisting 0: (i) aluminum and 
(ii) a mix>lre of from 50 to t.zss than 100 weight 
percent of aiuminum and k0m more than Xr0 
to 58 weight pciccnt of a rnct.al s:lcctcd from 
the group consisting of m qprcsiuar, zirc0nium, 
bismuth, beryllium, boroo, t.at~talum, copper, 
silver, niobium, tungsten, and mixtura 
thereof; 

(2) means for igniting the pyrotechnic material; and 
(3) a cnsc enclosing the p~trchnic material and 

the ignition means, wherein the case is comooscd 
Same as example 1 except that the aluminum liier of a metal s&cted from the group consi&g 0f 

weighed 6.08 grams, was filled with 15 grams of water; aluminum, mrgnaiurr, copper, and brass; and 

and was placed in a well drihcd in 110 grams of cold t5 B. igniting the pyrotcchnrc material of the therma) 

pressed mix No. 1 CuO pyrotechnic pellets. Again, dcvjcc t0 cause the cxp?osion in theconfined spaa. 

about 0.3 seconds after initiation an explosion OCCURS 
2. The method of claim I wherein the metal oxide of 

whrn molten product reacted with water. the pvrotxhnic material is sc!ccted from the group 
consisting of FezOh Fe3Oc CuO, CrrOh C&OS. and 

EXAMPLE 4 20 mixtures thereof. 

230 grams of mix No. 1 CuO cold pressed pyrotcch- 3. The method of claim 2 wherein the metal oxide of 

nit: pellet was placed in a thin wall aluminum cylinder the pyrotechnic material is tiated from the group 

weighing 51 grams. The cylinder with the pellets was 
consisti:?_ of Fe203. CnO, and mixtures thereof. 

phccd in an open glass jar filled with 50 grams of water. 
4. The method of c!aim 1 wherein the pyrotechnic 

The explosion 0ccurrcd abut 0.1 scc0nds after initia- 
3 material is comprised of (a) from 15 to 50 weight per 

ttin. 
cent nick& (b) from 20 to 76 weight percent of metal 

High speed photograph (1000 framcs/wc.) was tared 
oxide, and (c) from 15 to 50 weight percent of the alumi- 

to record the explosions of examples 3 and 4. 
num c0nuunmg comp0ncnt 

- 
Obviously, numerous modifications and variations of 

5. The method of claim 4 wherein the pyrotechnic 

the present invention are possible in light of the above 
w] material is comprised of (a) from 15 to 45 weight pcr- 

teaching. It is therefore to be understood that within the 
cent of nickel, (b) from 30 to 65 weight percent of metal 

scope of the appended claims the invention may be 
oxide, and (c) from 20 to 35 weight pcrccnt of the alumi- 

practiced otherwise than as specifically described 
num containing component. 

herein. 
6. The method of claim 1 whcrcirr the pyrotechnic 

What is claimed and ,&sired to he secured by Letters 
35 material is coqosed of powdcrt of 

(a) nickel, 
Patent of the United Srates is: 

I. A method of cau:iing an explosion comprising the 
(b) metal oxide, and 
(c) aluminrmt. 

following steps in order: 7.Themerhodofclaim1whcreinthecwismadeof 
A. Placing a thermal device in a confined spact 40 al;uninum. 

which is filled with a liquid which consists csscn- 8. The method of clsinr 1,2,3,4,5, or 7 wherein the 
tially of water, wherein the thermal device com- liquid con&s cs~n’ialy of sea water. 

flyyrotechnic material comprising a mixture of 
9. The metho;i of &in I, 2, 3.4. 5, 6, or 7 whcrcin 

the liquid consists csscn~ially of fresh water. 
powders of 4s 10. The method of chim 1. 2,3,4(.5,6, or 7 wherein 
(a) nickel, the confined spaa is a ‘xuc h0k 
(b) mcull oxide, , . l l l 


